HORTSCIENCE 30(6): 1298-1301. 1995. 'Vilinda'), obtained from Zambia (Vegetable Crops Research Team, Mazabuka), were sown (1 cm deep) in a growth medium of 1 sterilized peat : 1 perlite : 1 soil (by volume). Seeds were contained in 0.1-liter pots, maintained in a greenhouse (25C, natural light), and watered as needed to maintain a moist medium. Tissue culture. To obtain shoots from callus, axillary-bud-free epicotyl segments (≈l cm long) were removed 3 weeks after seed germination. They were surface-disinfested in 10% (v/v) Clorox bleach; rinsed three times with sterile distilled water; and aseptically cultured (one explant per culture tube) on 10 ml of modified Murashige and Skoog medium (1962) , amended with 3% (w/v) sucrose, 0.75% (wlv) Difco-Bacto agar, 10 ml Staba (1969) vitamins, 5.6 µM BAP, and 0.54 µM NAA. There were six replications per cultivar. The pH of the medium was adjusted to 5.7 using 1 N potassium hydroxide before autoclaving (1.06 kg•cm , provided by cool-white fluorescent lamps) growth chamber or in darkness (1, 2, or 3 weeks) before being placed in the same lighted growth chamber. Explants were cultured for 10 weeks, and shoots, regenerated via a callus system, were rooted as described by Msikita and Skirvin (1989) . Seedlings at the three-to four-leaf stage and regenerants (similar in size) were used for disease assay.
A total of nine seedling clones were obtained successively from the most resistant variants of each of 'Portuguesa' and 'Penca de Chaves' using the procedure described by Msikita et al. (1992) . Briefly, side shoots (two to three leaves) were excised from the resistant plants; transplanted into 0.15-liter pots, containing a growth medium of sterilized 1 peat : 1 perlite : 1 soil (by volume); and maintained for 3 weeks under moist conditions using an overhead mist system (5-sec mist every 5 min). The shoots rooted, and at the three-to four-leaf stage, they were inoculated with Xcc. All plants and clones were maintained in the same greenhouse for the duration of the experiment.
Disease assay. Xcc pv. campestris (WB911) was cultured on yeast dextrose carbonate (YDC) medium 36 h before inoculation. The bacterial inoculum was adjusted to 1 × 10 9 colony-forming units/ml by dilution with sterile distilled water. A 15-µl droplet of bacterial suspension was gently rubbed into wounds created by puncturing two fully expanded leaves with five push pins affixed to a cork handle and surface-disinfested with 0.062% sodium hypochlorite. Plants were placed under an overhead mist system (5-sec mist every 5 min). Nine days after inoculation, disease reactions were rated on a scale from 0 to 4 (0 = no symptoms, 1 = trace reaction; 2 = 0.5 to 1 cm 2 diseased leaf tissue; 3 = 1 to 2 cm 2 diseased leaf tissue; and 4 = more than 2 cm 2 diseased leaf tissue). . Cultures were placed in darkness (1, 2, or 3 weeks) or in a 16-hour•day -1 light regime. Seedlings of all four cultivars were more susceptible (mean disease severity rating of 3.8 to 4.0; where 1 = trace and 4 = more than 2 cm 2 diseased leaf tissue) than the respective regenerants. There were significant differences in disease severity of regenerants among and within the four cultivars. Dark incubation of cultured explants generated plants with higher disease resistance than evident with control plants. One week of dark incubation resulted in increased resistance in regenerants of 'Penca de Chaves', 'Portuguesa', and 'Vilinda' (2.1, 2.3, and 2.7 mean disease severity, respectively), whereas 2 weeks of dark incubation increased resistance in regenerants of 'Ana Maria' and 'Vilinda' (2.1 and 2.7 mean disease severity, respectively). The genotype × plant treatment interaction was significant. Chemical names used: 6-benzylaminopurine (BAP); a-naphthaleneacetic acid (NAA). Monteiro and Williams (1989) screened 23 accessions of tronchuda and kales (B. oleracea L. Acephala Group) and found them equally susceptible to Xcc. To our knowledge, there are no reports of tronchuda with Xcc resistance.
In crucifers, effective control of black rot has been developed through resistance breeding (Guo et al., 1991; Hunter et al., 1987; Staub and Williams, 1972; Williams et al., 1972) . Breeding of genotypes with resistance to Xanthomonas campestris (Xc) also can be accomplished by tissue culture techniques. For example, tissue culture has been used successfully to select for peaches [Prunus persica (L.) Batsch] resistant to Xc pv. pruni (Hammerschlag, 1988; Hammerschlag et al., 1994) . This technique has the potential to become a more rapid method to identify resistance than conventional breeding. However, for tissue culture selections to be agronomically useful, resistance must be expressed by the whole plant (Hammerschlag, 1988) and inherited through seed (Witherspoon et al., 1991) or transferable in vegetatively propagated plants (Bingham et al., 1988; Hammerschlag et al., 1994; Scowcroft et al., 1983) . In regeneration studies of tronchuda, somaclones varying in growth habits and phyllotaxy were reported (Msikita and Skirvin, 1989) . This study was prompted by this observation and the need to screen and select tronchuda for resistance to Xcc.
Materials and Methods
Plant materials. Seeds of our cultivars (all open-pollinated) of tronchuda ('Ana Maria', 'Penca de Chaves', 'Portuguesa', and Tronchuda is a leafy vegetable crop popular in Portugal and contiguous areas (Msikita and Skirvin, 1989) . Tronchuda is propagated from seed or by stem and shoot cuttings Msikita et al., 1992) . Other attractive characteristics of this crop include 1) wide adaptation in tropical and subtropical climates (Msikita and Mnzava, 1988) ; 2) ease of shoot regeneration in tissue culture (Msikita and Skirvin, 1989) ; and 3) resistance to several important Brassica diseases, such as turnip mosaic virus (Msikita et al., 1992) (Monteiro and Williams, 1989) . However, a serious disease problem for tronchuda production is black rot caused by Xanthomonas campestris pv. campestris (Xcc), which is considered the most important disease of crucifers worldwide (Williarns, 1980) . resistant somaclones of 'Portuguesa' and 'Penca de Chaves'.
Design of experiment. The experiment was conducted as a split plot in a randomized complete-block design and was repeated in 10 replications each. Cultivars were the main plots and plant treatment (seedlings and plants regenerated from light-dark incubation of cultured explants) were the subplots. Two plants were used for each plant treatment with 10 replications each for the two experiments. Data for each experiment were analyzed separately and compared. Based on nonsignificant differences between data sets from the two experiments, all data were combined and analyzed by procedure analysis of variance (SAS, 1986) , and means were separated by the least significant differences method for a split-plot experiment. Disease severity (DS) ratings for regenerants were contrasted with those for seed-derived (control) plants.
Results
Pin-size black spots, some with yellow halos, were observed on inoculated leaves 5 days after inoculation (DAI). Wounded, noninoculated plants did not develop symptoms. DS was maximal 12 to 14 DAI. Disease symptoms on plants were similar to those described by Monteiro and Williams (1989) . Leaves of susceptible plants appeared yellow to brown, water-soaked, and in some cases, abscised.
Intercultivar comparisons. For each cultivar, seed-derived plants were significantly more susceptible (mean DS range 3.8 to 4.0) than regenerants. Seedlings of 'Penca de Chaves' were significantly more resistant than seedlings of 'Ana Maria' and 'Portuguesa', but this was not true for 'Vilinda' when inoculated with Xcc (Table 1 ). The interaction between cultivar and light treatment was significant (Table 2) . Among regenerants for 'Penca de Chaves', the resistance was highest for regenerants derived from 1 week of dark incubation. There were significant differences in DS among any dark-grown regenerants (Table  2) , for which DS ranged from 2.1 to 3.5 over the range of the durations. Similarly, the mean DS of regenerants, derived from explants cultured under light, varied significantly. 'Vilinda' was more susceptible than the other three cultivars (Table 1) . After 1 week of dark incubation, the mean DS was significantly higher for 'Ana Maria' than for the other three cultivars. After 2 weeks of dark incubation, the susceptibility of 'Portuguesa' regenerants was significantly greater than that of the other three cultivars. Only 'Ana Maria' regenerants were more resistant after 2 weeks of dark incubation than after 1 week. Dark incubation of cultures for 3 weeks induced greater susceptibility in 'Vilinda' and 'Penca de Chaves' than in 'Portuguesa' or 'Ana Maria'.
Intracultivar comparisons. For each cultivar, the seedlings (control) were more susceptible to Xcc than regenerants (Table 1) . Among the regenerants, susceptibility (DS = 3.5) was highest for 'Ana Maria' and 'Portuguesa' plants regenerated from explants incubated for 1 or 2 weeks in darkness, respectively. Resistance was significantly higher for 'Penca de Chaves' regenerants after 1 week dark incubation than for those recovered after 3 weeks of dark incubation. DS was significantly less for 'Portuguesa' regenerants when explants were incubated in darkness for 1 rather than 2 weeks, but there were no significant differences in DS of regenerants derived from cultures without dark incubation or maintained 3 weeks in darkness. Overall, dark incubation effects on DS were inconsistent.
Clonal comparisons. The clones derived from the most resistant regenerants of 'Penca de Chaves' and 'Portuguesa' were significantly more resistant than seedling (control) plants from these cultivars (Tables 3 and 4) .
Discussion
Tissue culture-induced variants of rice (Oryza sativa L.) (Sun and She, 1986 ) and peaches (Hammerschlag, 1988) were resistant to Xanthomonas spp. To our knowledge, our study is the first report of such resistance to a Xanthomonas sp. in tronchuda. Tissue culture-induced variation may be epigenetic (Larkin and Scowcroft, 1981) , and therefore, stability of selected lines needs to be screened at the whole-plant level (Hammerschlag, 1988) through seed generations (Sacristan, 1982; Witherspoon et al., 1991) or in the vegetative propagules (Scowcroft et al., 1983; Vuylsteke, 1989; Vuylsteke et al., 1988) .
In reviewing the uses for tissue culture, Scowcroft et al. (1983) cited several examples of vegetatively propagated crops where selection of tissue culture-generated traits was based on cycles of vegetative propagation. In 'Portuguesa' and 'Penca de Chaves', repeated vegetative propagation from resistant regenerant lines were equal in resistance or more resistant than their respective progenitors, suggesting that the observed resistance was stable in vegetatively propagated plants. This observation confirms the earlier observation (Msikita et al., 1992 ) that clones were good propagation stocks. Although the resistance we have reported is stable through successive vegetative clones, the heritability through seed has not been determined. Genetic traits, such as apomixis or outcrossing, make some crop species difficult to self-pollinate, thereby making it difficult to study inheritance of a trait in botanical seed (Msikita and Wilkinson, 1994; Skirvin et al., 1994) . Tronchuda is an outcrossing crop, amenable to vegetative propagation (Msikita et al., 1992) . For crops that are veg- z 0 = no symptoms, 1 = trace reaction, 2 = more than 0.5 to 1 cm 2 disease leaf tissue, 3 = 1 to 2 cm 2 diseased leaf tissue, and 4 = more than 2 cm 2 diseased leaf tissue, assessed 9 days after inoculation. y Least significant difference at P ≤ 0.05 for comparing disease severity within a cultivar = 0.7650; among cultivars = 0. 1272. x Three-week-old seedlings. All other plants were derived from tissue-cultured epicotyl segments and either initially incubated in darkness (1 to 3 weeks) or transferred directly to light. (Grun, 1976) . Chloroplasts contain some genetic information coded for by the nucleus (Weiss and Beversdorf, 1981) . Further studies are needed to determine the effects of dark vs. light treatment of cultures on cellular genetic changes. Dark incubation of cultured explants induced varying levels of Xcc resistance in tronchuda regenerants, which suggests that tissue culture promotes an array of changes that are genotypically dependent. This observation is further supported by the insignificant variation in DS of 'Vilinda' regenerants after various periods of dark incubation of cultured explants. One or 2 weeks of dark incubation of cultured explants was optimum for inducing greater disease resistance in the four cultivars, whereas dark incubation >2 weeks reduced disease resistance in all four cultivars studied. 'Portuguesa' was the only cultivar where DS was more severe with 2 weeks of darkness than with 1 or 3 weeks, variability we attributed to the culture process. Any observable resistance also may be modified by the prevailing environment; the pathogen; and the interaction of pathogen, environment, and genotype. We have not determined the possible effects of physiologic races of Xcc on observed resistance. However, the environment and inoculum used in our study were consistent and also conducive to severe disease development.
This study has developed a method to produce variants resistant to black rot. The method is more rapid than conventional breeding and also may produce variants with other desirable traits. The resistant variants may be rapidly multiplied asexually by stem and side shoot cuttings (Msikita et al., 1992) .
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etatively propagated, such as tronchuda, desirable traits generated in tissue culture also may be maintained vegetatively, provided the traits are sustained in the clones (Bingharn et al., 1988; Scowcroft et al., 1983) , as in this study, which used nine clones obtained successively from the same resistant plants.
Importantly, Monteiro and Williams ( 1989) could not find any resistance to Xcc in 23 accessions of tronchuda and kales derived from seed. Studies in other plant species have shown that the genotype of the plant can affect the degree of variability of an observed trait (Lorz, 1984) . Thus, plants selected for production of somaclonal variants should preferably have different genetic backgrounds (Hammerschlag, 1990) . In natural populations, tronchuda is highly variable between populations and within a population (Dias, 1992; Msikita and Mnzava, 1988) . Therefore, in tissue culture, tronchuda could be expected to produce an array of variants, an observation reported earlier by Msikita and Skirvin (1989) . Using the same medium, our study increased the amount of variability in the regenerants by imposing a dark incubation treatment. Only regenerants with the highest disease resistance were selected for heritability studies in vegetative clones. Further studies are needed to test the durability of all variants expressing resistance. The significant response by explants of all four cultivars to dark treatments and the cultivars × plant treatment interaction suggest possibilities for selecting tronchuda genotypes with even greater resistance to Xcc, or with other desirable agronomic characteristics.
Dark-light treatment affects explant morphogenesis (Jaramillo and Summers, 1991) , and also is known to affect the process of Nine clones were obtained from successive shoots of the most resistant tissue culture-derived plants. y Disease seventy ratings: 0 = no symptom, 1 = trace reaction, 2 = 0.5 to 1, 3 = 1 to 2, and 4 = more than 2 cm 2 of diseased leaf tissue, assessed 10 days after inoculation. x Seed-derived (control) plants.
